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DISPOSABLE SHEATH PROVIDING CARDIAC STIMULATION AND 
METHOD 

This is a continuation of US patent application serial number 
09/887.644. filed June 22, 2001. 

BACKGROUND OF THE INVENTION 

[0001] Atrial fibrillation (AF) is the most common sustained arrhythmia and is 
responsible for 365,000 hospital admissions annually according to the American 
Heart Association, 2001 Heart and Stroke Statistical Update , Dallas, Texas: 
American Heart Association, 2000. In AF, the two small upper chambers of the 
heart, the atria, quiver instead of beating effectively. But because of the minimal 
contribution of atrial contraction to cardiac output, atrial fibrillation is 
hemodynamically tolerated and not generally regarded as life threatening. 
Nonetheless, given the ongoing risk of a stroke and the symptoms of dyspnea and 
fatigue that afflict the patient, attempts are generally made to minimize the time the 
patient is in AF or to more permanently convert the patient out of AF into a normal 
sinus rhythm (NSR). 

[0002] Conversion out of AF to NSR may be spontaneous, or may be 
induced by pharmacological or electrical means. The electrical treatment for atrial 
fibrillation is referred to as atrial cardioversion. The present invention safely and 
effectively converts the patient through atrial cardioversion. In atrial cardioversion, 
electrical energy is introduced into the body through the use of electrical 
conductors, typically patches that are placed on the chest. The amount of energy 
required to convert AF is dependent on both the unique impedance of the patient 
and the dysrhythmia's response to prior energies. 

[0003] During these conversions, the patients are at increased risk for 
thromboembolic events, which is the most significant risk associated with AF and 
its management. This is because when the blood is not pumped completely out of * 
the atria during normal contractions, the blood may pool and clot. When a normal 
sinus rhythm is restored as a result of cardioversion, bits of the clot (thrombus) may 
break off and become emboli in the blood stream. If the embolus becomes lodged 
in an artery in the brain the patient will suffer an embolic stroke. 
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[0004] In an effort to reduce the risk, two strategies are currently being 
pursued. The first strategy used by physicians is by treating the patient with 
prophylactic anticoagulation of three to four weeks of oral warfarin. The second 
. strategy used by physicians is to evaluate the patient for atrial thrombi using a 
transesophageal echocardiogranfi (TEE). TEE is a test that allows a cardiologist to 
view the internal structures of the heart and the heart's major vessel by inserting an 
ultrasound probe down the throat. The patient is sedated so he or she will be 
relaxed and unaware of any discomfort during the procedure. Once the TEE probe 
is inside, the tip of the TEE probe sends out sound waves (ultrasound) that echo 
within the chest wall cavity. These echoes are picked up and create a picture of 
the heart that is displayed on a video monitor. If there are no thrombi detected, the 
patient is started on IV heparin to reduce the risk that the patient might develop a 
thrombus between the exam and the actual cardioversion perhaps up to 48 hours 
later. Both strategies seek to reduce the risk of a thromboembolic event by either 
visually clearing the atria for thrombi or treating them with the expectation of their 
dissolution. In both cases, an anticoagulation treatment is continued for four weeks 
post-cardioversion. 

[0005] If the first strategy is used, the patient is left in AF for the period of 
time that the anticoagulation treatment is performed. According to David I. 
Silverman, MD and Warren J. Manning, MD, Role of Echocardiography in Patients 
Undergoing Elective Cardioversion of Atrial Fibrillation , American Heart Association 
1998, Circulation 1998; 98:480. it has been shown that a long-term maintenance of 
sinus rhythm is inversely related to the duration of AF before cardioversion. In 
addition, the recovery of atrial mechanical function may be inversely related to the 
duration of AR Furthermore, there is an increased risk of overall hemorrhagic 
complications owing to the increased prothrombin times because of the 
anticoagulation therapy. 

[0006] Further, if the patient is treated with IV heparin or warfarin, a 
transesophageal echocardiogram typically would not be performed to determine 
whether or not blood clots still exist in the atria. It is assumed that after IV heparin 
or three to four weeks of warfarin, the blood clots have dissolved. This is not 
always the case and the risk of new thrombi is real. 

[0007] Thus, the TEE test is gaining acceptance as a way of determining 
whether there are blood clots within the heart. If the TEE test is negative for 
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thrombi, cardioversion could be performed sooner. This is important because the 
longer a patient is in AF. the lower the likelihood that once converted out of AF the 
patient would maintain a normal rhythm. The sooner the patient receives treatment, 
the better the chances that the treatment stays effective. 

[0008] A drawback to the TEE approach is that the user must go through two 
procedures, one for the TEE test itself, which requires a mild sedation, and a 
second for the actual cardioversion. The TEE approach requires two doses of 
anesthesia; two visits by the anesthesiologist, two visits to the EP lab and other 
procedures that are performed more than once, thereby requiring more time and 
resources and creating extra discomfort for the patient. In addition, current 
methods for providing cardioversion expose the patient to higher levels of energy, 
thereby risking myocardial damage. A system is needed to minimize redundant 
procedures and to increase effectiveness of the cardioversion itself. 

SUMMARY OF THE INVENTION 

[0009] In an exemplary embodiment, the present invention provides for a 
system providing cardiac stimulation, including a probe insertable through a mouth 
into an esophagus of a patient; a disposable sheath slidably covering the probe; a 
conductor integrated in the sheath; and a transthoracic pad connected to the 
sheath and providing the cardiac stimulation to the patient in combination with the 
conductor. 

[0010] In an exemplary embodiment, the present invention provides for a 
system providing cardiac stimulation, including a first conductor; a second 
conductor; and a disposable sheath including the first conductor and the second 
conductor integrated therein, wherein the first and the second conductors are 
connected to a cardiac resuscitation apparatus via a single cable providing the 
cardiac stimulation to the patient. 

[0011] In an exemplary embodiment, the present invention provides for a 
system providing cardiac stimulation, including a probe insertable through a mouth 
into an esophagus of a patient; a first conductor; a second conductor; and a 
disposable sheath slidably covering the probe and including the first conductor and 
the second conductor integrated therein, wherein the first and the second 
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conductors are connected to a cardiac resuscitation apparatus via a single cable 
providing the cardiac stimulation to the patient. 

[0012] The present invention is also achieved by a system providing cardiac 
stimulation, including a first group of conductors; a second group of conductors; 
and a disposable sheath including the first group of conductors and the second 
group of conductors integrated therein providing a path of least resistance between 
one of the conductors in the first group of conductors and one of the conductors in 
the second group of conductors, wherein the first and the second groups of 
conductors are connected to a cardiac resuscitation apparatus via a single cable to 
provide the cardiac stimulation to the patient. 

[0013] The present invention is also achieved by a system providing cardiac 
stimulation, including a probe insertable through a mouth into an esophagus of a 
patient; a first group of conductors; a second group of conductors; and a disposable 
sheath slidably covering the probe and including the first group of conductors and 
the second group of conductors integrated therein providing a path of least 
resistance between 6ne of the conductors in the first group of conductors and one 
of the conductors in the second group of conductors, wherein the first and the 
second groups of conductors are connected to a cardiac resuscitation apparatus 
via a single cable to provide the cardiac stimulation to the patient. 

[0014] In an exemplary embodiment, the present invention provides for a 
system providing cardiac stimulation, including a conductor; an inflatable balloon; a 
disposable sheath including a conductor integrated therein at or near a distal end of 
the sheath and the inflatable balloon positioned behind the conductor to close a 
gap between the esophagus and the sheath and push the conductor against a wall 
of the esophagus to provide the cardiac stimulation to the patient; and a 
transthoracic electrode pad connected to the sheath and providing the cardiac 
stimulation to the patient in combination with the conductor. 

[0015] In an exemplary embodiment, the present invention provides for a 
system having cardiac stimulation, including a probe insertable through a mouth 
into an esophagus of a patient; a conductor; an inflatable balloon; a disposable 
sheath slidably covering the probe and including a conductor integrated therein at 
or near a distal end of the sheath and the inflatable balloon positioned behind the 
conductor to close a gap between the esophagus and the sheath and push the 
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conductor into a wall of the esophagus to provide the cardiac stimulation to the 
patient; and a transthoracic electrode pad connected to the sheath and providing 
the cardiac stimulation to the patient in combination with the conductor. 

[0016] In an exemplary embodiment, the present invention provides for a 
method determining whether a defibrillator is connected to a transthoracic pad set 
or a combination of a transthoracic pad and a probe including a disposable sheath, 
the method including selecting the pad set or the combination of the pad and the 
probe including the sheath; detecting the pad set or the combination of the pad and 
the probe including the sheath; identifying whether the pad set or the combination 
of the pad and the probe including the sheath is connected to the defibrillator; 
configuring the defibrillator to use a low-energy setting in response to determined 
that the combination of the pad and the probe including the sheath is being used; 
configuring the defibrillator to use a high-energy setting in response to determining 
that the pad set is being used; and arming and discharging the defibrillator to 
provide cardiac stimulation to a patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 7] The various objects and advantages of the invention will become 
apparent and more readily appreciated from the following description of the 
preferred embodiments, taken in conjunction with the accompanying drawings of 
which: 

FIG. 1 is a diagram illustrating a single conductor sheath with a single 
transthoracic cardiac stimulation pad, in an exemplary embodiment of the present 
invention; 

FIG. 2 is a diagram illustrating a dual conductor sheath, in 
accordance with an exemplary embodiment of the present invention; 

FIG. 3 is a diagram illustrating multiple conductor sheath, in 
accordance with an exemplary embodiment of the present invention; 

FIG. 4 is a diagram illustrating a single conductor sheath with optional 
inflatable balloon and associated tubing, in accordance with an exemplary 
embodiment of the present invention; 

FIG. 5 is a diagram illustrating a sheath with related equipment 
connected thereto; and 
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FIG. 6 is a schematic diagram of a process determining whether a 
cardiac stimulation system is using a conventional transthoracic pad set or a probe 
including the sheath of the present invention and a single transthoracic pad. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0018] Reference will be now made in detail to the present preferred 
embodiments of the present invention, examples of which are illustrated in the 
accompanying drawings, wherein like reference numerals refer to the like elements 
throughout. In an exemplary embodiment, the present invention provides for a 
flexible membrane disposable sheath including a conductor embedded or 
integrated into the sheath, at or near a distal end of the sheath that is acoustically 
transparent. The sheath slidably covers a probe, such as a transesophageal 
ultrasound (TEE) probe or an endoscope, to introduce the sheath into the 
esophagus and perhaps stomach. For illustrative purposes, the present invention 
will be described using the TEE probe. However, an ordinary person skilled in the 
art will appreciate that an endoscope or any other type of similar device may be 
used rather than the TEE probe. The sheath is connected to a single transthoracic 
cardiac stimulation electrode pad. A connector connects the sheath and the 
transthoracic cardiac stimulation electrode pad to a cardiac resuscitation apparatus, 
such as a defibrillator. While the sheath is in the esophagus, if a physician 
determines that cardioversion treatment is necessary to normalize a patient's 
heartbeat, then the combination of the conductor in the sheath and the 
transthoracic cardiac stimulation electrode pad may be used to apply the treatment 
right there and then. 

[0019] Further, the probe may be placed very close to the right atrium, 
thereby requiring less energy to convert and lessening the chances of damaging 
the myocardium with the energy (current) applied during cardioversion. The sheath 
would include an insulation type coating with suitable dielectric strength inside the 
sheath cavity to protect transducer elements in the probe from damage by the 
energy applied during defibrillation, pacing, or cardioversion. 

[0020] FIG. 1 illustrates a single conductor sheath 10 with a single 
transthoracic cardiac stimulation electrode pad 20 including a conductor and a 
hydro-gel or an electro-gel. A conventional elongated, flexible TEE probe (not 
shown) includes an echo transducer that is positioned at the end of the TEE probe. 
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Once the patient is sedated, the TEE probe is inserted through the patient's mouth 
into the esophagus. The echo transducer sends out sound waves (ultrasound) that 
echo within the chest wall cavity. These echoes are picked up and create a picture 
of the heart that is displayed on a video monitor (not shown). When obtaining an 
image of the heart, the tip of the TEE probe is placed into the patient's stomach to 
obtain a gastric view and look back to the heart. 

[0021] In accordance with the present invention, the sheath 10 slidably 
covers the TEE probe. The sheath 10 is made of an electrical insulative flexible 
membrane material and is disposable. A cardiac stimulation electrical conductor 12 
is integrated in the sheath 10, that is, embedded on the surface skin of the sheath 
10 and it is positioned near or at a distal end of the sheath 10. The cardiac 
stimulation electrical conductor may either partially or completely circumscribe the 
sheath. An electrically conductive, insulated cable 14 is a flexible stranded cable 
suitable for carrying sufficient current called for by the total energy in a shock 
impulse generated by an external defibrillator unit to the cardiac stimulation 
conductor 12 to provide cardiac stimulation to the patient. Cardiac stimulation 
includes defibrillation, cardioversion, and pacing. The cable 14 extends from the 
cardiac stimulation conductor 12 beyond a proximal end of the sheath 10, as 
illustrated in FIG. 1 to a connector 16. The cable 14 also connects the electrode 
pad 20 to the connector 16. 

[0022] In operation, the connector 16 is connected to a connector 22 of the 
external defibrillator unit connector 24. The electrode pad 20 is positioned over the 
patient's thorax. The electrode pad 20 has an adhesive surface for holding the 
electrode adjacent to the skin of the patient. A transthoracic cardiac stimulation 
conductor 26 is embedded on the electrode pad 20. 

[0023] Typically, for transthoracic external defibrillation, the electrode pad 20 
is positioned on the patient's thorax and from about 100 to about 400 joules of 
electrical energy is delivered to the chest area in the region of the heart. By the 
manner in which the shock is applied, only a portion of this energy is actually 
delivered to the heart and is available to arrest fibrillation. The ultrasound imaging 
is performed on the left atrium. In contrast, if after running a TEE test it is 
determined that the left atrium is clear from blood clots, then the combination of the 
cardiac stimulation conductor 12 and the electrode pad 20 is used to apply the 
cardiac stimulation therapy. The cardiac stimulation conductor 12 in the sheath 10 
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in combination with the electrode pad 20 may be used at opposite surfaces of the 
ventricular myocardium and, in these instances, the energy required to be delivered 
is considerably less. 

[0024] Specifically, the electrode pad 20 is placed on a patient's chest and a 
jolt of electricity is given to the patient's heart to convert an abnormal heartbeat to a 
normal one. The current is applied from the cardiac stimulation conductor 12 that is 
next to the right atrium and the current travels through the chest's wall to the 
electrode pad 20, and thereby a path is formed from the right atrium into the left 
ventricle, which is the normal flow of electrical energy in the heart. The current may 
also travel in the opposite direction from the electrode pad 20 through the chest 
wall to the cardiac stimulation conductor 12 that is next to the right atrium. Either 
the electrode pad 20 or the cardiac stimulation conductor 12 may act as the 
negative (cathode) conductor or the positive (anode) conductor. 

[0025] Furthermore, in order to assure that an area in the heart receiving the 
cardiac stimulation is the area being displayed on the monitor by the echo signals 
from the TEE probe, the sheath 10 covering the "footprint" of the transducer 
elements in the TEE probe, is electrically conductive and the cardiac stimulation 
conductor 12 embedded or integrated therein is acoustically transparent. Also, in 
order to prevent the energy being applied during defibrillation, pacing, or 
cardioversion from damaging the conductor in the TEE probe or the esophageal 
probe, the embodiment of the present invention further provides an insulation type 
coating with suitable dielectric strength inside the sheath 10 cavity. 

[0026] FIG. 2 illustrates a dual conductor sheath, in accordance with an 
alternative embodiment of the present invention. The embodiment of the sheath 10 
illustrated in FIG. 1 is modified where, rather than incorporating the single 
transthoracic cardiac stimulation electrode pad 20, the sheath 10 includes a second 
cardiac stimulation conductor 32 integrated or embedded on the surface skin of the 
sheath 10 and it is positioned spaced apart from the first cardiac stimulation 
conductor 12, which is located at or near the distal end of the sheath 10. The 
structural and functional characteristics of the sheath 10 are the same as described 
in FIG. 1. An electrically conductive, insulated cable 15 includes two conductive 
wires 15a and 15b and extends from the first cardiac stimulation conductor 12 to 
the second cardiac stimulation conductor 32 beyond the proximal end of the sheath 
10 to the connector 16. The conducting wire 15a is connected to the first cardiac 
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stimulation conductor 12 and the second conducting wire 15b is connected to the 
second cardiac stimulation conductor 32. The connector 16 then is connected to 
the defibrillator (not shown). 

[0027] Thus, the first cardiac stimulation conductor 12 at or near the tip of 
the sheath 1 0 is located down at the apex of the heart and the second cardiac 
stimulation conductor 32 is near to the right atrium when the cardiac stimulation is 
performed. The current is applied from the second cardiac stimulation conductor 
32 to the first cardiac stimulation conductor 12, creating a direct and clean path. As 
a result, the current does not need to travel through the chest wall, as with the 
embodiment of FIG. 1 , to get to the first cardiac stimulation conductor 12, thereby 
further reducing the required amount of current the cardiac stimulation treatment. 
Similar to the conductor in FIG. 1 , the first and second conductors 12, 32 may or 
may not be acoustically transparent. 

[0028] FIG. 3 illustrates a multiple conductor sheath 10, in accordance with 
an alternative exemplary embodiment of the present invention. The structural and 
functional characteristics of the sheath 10 are the same as described in FIG. 1. The 
first and second conductors 12, 32 of FIG. 2 are now two groups of multiple cardiac 
stimulation conductors 40. 42, the first group of conductors 40 positioned near or at 
the distal end of the sheath 10 and the second group of conductors 42 is positioned 
spaced apart from the first group of conductors 40 towards the proximal end of the 
sheath 10. The electrically conductive, insulated cable 15 includes two conductive 
wires 15a and 15b and extends from the first group of conductors 40 to the second 
group of conductors 42 beyond the proximal end of the sheath 10 to the connector 
16. The conducting wire 1 5a is connected to the first group of conductors 40 and 
the second conducting wire 15b is connected to the second group of conductors 
42. . 

[0029] The first and second group of conductors 40, 42 function as two 
electrodes for a conduction path to complete the circuit. When current is applied 
for the cardiac stimulation treatment, the current would flow through the path of 
least resistance. Thus, rather than "forcing" the current to flow through one path, 
the current would flow through the path of least resistance, thereby applying with 
certainty either the defibrillation or the cardioversion therapy. As a result, the 
amount of energy required for the cardiac stimulation therapy is reduced and there 
is a high degree of certainty of being successful when applying the cardiac 
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stimulation treatment to the patient. Similar to the conductor in FIG. 1 , the first and 
second groups of conductors 40, 42 are acoustically transparent. 

[0030] FIG. 4 illustrates a single conductor sheath with inflatable balloon and 
associated tubing, in accordance with an exemplary embodiment of the present 
invention. The structural and functional characteristics of the sheath 10 and the 
cardiac stimulation conductor 12 are the same as described in FIG. 1 . In some 
occasions, the sheath 10 covering the TEE probe and inserted through the 
esophagus, may not be in tight contact with the sides of the esophagus. Thus, in 
order to close the gap between the esophagus and the sheath 10, a balloon 50 
would be positioned behind the cardiac stimulation conductor 12 at or near the 
distal end of the sheath 10. A syringe 52 may be used to inflate the balloon. A 
user would then inflate the balloon 50 that is positioned behind the cardiac 
stimulation conductor 12, thereby pushing the cardiac stimulation conductor 12 into 
the wall of the esophagus. The embodiment illustrated in FIG. 4 may be 
incorporate the pad of FIG. 1 . the second conductor of FIG. 2, or the multiple 
conductors of FIG. 3, such that each conductor may include an inflatable balloon. 

[0031] FIG, 5 illustrates a sheath with related equipment, in accordance with 
an exemplary embodiment of the present invention. The TEE probe is connected 
to an ultrasound system 64. The ultrasound system 64 provides the electrical 
energy to the TEE probe where acoustical waves are created. The TEE probe 
includes the disposable sheath 10 with the cardiac stimulation conductor 12, which 
is connected via an electrical conductor to the transthoracic pad. A single 
connector 16 connects both, the sheath 10 and the electrode pad 20. The 
connector 16 connects the electrode pad 20 and the sheath 10 covering the TEE 
probe to a defibrillator 62 via connector set 22, 24 to apply defibrillation, pacing, or 
cardioversion therapy to the patient. In the alternative, the sheath 10 may include a 
second integrated conductor or multiple integrated conductors substituting the 
electrode pad 20. The sheath may also be also used to defibrillate a patient in 
ventricular fibrillation (VF) where the patient cannot be resuscitated with 
conventional defibrillation techniques. 

[0032] FIG. 6 illustrates a method determining whether a cardiac stimulation 
system including a defibrillator is using a conventional transthoracic pad set or a 
combination of the probe including the disposable sheath of the present invention 
and the single transthoracic pad. At operation 200, the defibrillator is turned on. At 
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operation 210, a user selects the conventional pad set or the combination of the 
single pad and the probe including the sheath in accordance with the present 
invention. At operation 220, a defibrillator detects the conventional pad set or the 
combination of the single pad and the probe including the sheath. At operation 
230, the determination Is made identifying whether the conventional pad set or the 
combination of the single pad and the probe including the sheath is connected to 
the defibrillator. If it is determined that the probe including the sheath and the 
single pad are used, at operation 240, a processor (not shown) in the defibrillator 
configures the defibrillator to use a low-energy setting. Accordingly, the patient 
receives cardiac stimulation using the combination of the single pad and the 
disposable sheath. However, if it is determined that the conventional pad set is 
being used, at operation 250, the processor configures the defibrillator to use a 
high-energy setting. At operation 260, the user arms and discharges the 
defibrillator. 

[0033] Accordingly, the sheath of the present invention may be used with a 
probe or similar device for cardioversion of atrial fibrillation, defibrillation of 
ventricular fibrillation, or other forms of cardiac stimulation. The sheath of the 
present invention is an effective device for cardioverting in the esophagus 
immediately after determining that there are no left atrial blood clots and for 
reducing the required energy needed to defibrillate and/or cardiovert. Further, the 
sheath of the present invention eliminates the need for redundant procedures, such 
as sedation and intubation, eliminates unnecessary anticoagulation therapy, 
provides for a faster time to cardioversion, and uses less energy minimizing patient 
risk for myocardial and other tissue damage. 

[0034] Although a few preferred embodiments of the present invention have 
been shown and described, it would be appreciated by those skilled in the art that 
changes may be made in this embodiment without departing from the principles 
and spirit of the invention, the scope of which is defined in the claims and their 
equivalents. 



